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® Multiple balloon angiplasty catheter. 

© A balloon dilatation catheter adapted for use in 
angioplasty techniques has two balloons at the distal 
end of the catheter, one inside the other with a 
separate inflation lumen for each balloon. The cath- 
eter enables dilatation of stenoses of different sizes 
and the dilatation of arteries of different sizes without 
requiring catheter exchanges. 
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MULTIPLE 3AU.QQN ANGIOPLASTY CATHETER 



HELD OF THE INVENTION 



This invention relates to angioplasty catheters. 



BACKGROUND OF THE INVENTION 

This invention relates to improvements in bal- 
loon dilatation catheters for use in angioplasty pro- 
cedures. Balloon angioplasty procedures have 
been used with increasing regularity in recent 
years as a treatment for stenosed arteries, such as 
the coronary arteries. The procedure involves the 
use of a special catheter having a balloon at its 
distal end. The catheter is inserted percutaneously 
into the patient's arterial system and is advanced 
and manipulated to place the balloon within the 
stenosis in the coronary artery to be treated The 
balloon then is inflated under substantial pressure 
to press the plaque and plaque laden arterial wall 
radially outwardly to enlarge the stenosed region of 
the artery. When successful, the procedure avoids 
the necessity for coronary artery bypass surgery. 

During an angioplasty procedure, it is not un- 
common for the physician to have to make a cath- 
eter exchange, to substitute another balloon cath- 
eter for the one in place in the patient's artery. The 
catheter exchange is a somewhat time-consuming 
manipulation, it involves removal of the guidewire 
from the catheter and insertion of a long exchange 
wire into the catheter, then removal of the catheter 
from the patient by withdrawing it over the ex- 
change wire, then advancing the next catheter onto 
and along the exchange wire to advance it to the 
region of the stenosis and then removing the ex- 
change wire. Typically, the exchange wire will be 
replaced by another shorter guidewire which may 
be used to facilitate subsequent manipulation and 
placement of the catheter in the stenosis. 

The need for a catheter exchange may be 
prompted by several factors. Among the situations 
which requires a catheter exchange are those in 
which there is a need for a catheter with a different 
diameter balloon This may occur, for example, in 
treating a patient having multiple stenosis either in 
the same or in different arteries. Because of the 
nature or size of the stenosis or the size of the 
artery in which the stenoses is located, it may be 
desirable to use a catheter with a smaller or a - 
larger diameter balloon than that which is in place 
in the patient's arteries. Typically, such difference 
in size of stenoses have required the use of dif- 
ferent size balloon dilatation catheters. In recent 
years, as balloon angioplasty techniques have de- 



veloDed. mere nas seen an increase in me ten- 
cency to perform sucn muttiole dilatations on a 
oarjent. either tc treat multioie stenoses tn a smgie 
coronary artery or in severai of the coronary ar- 
s teries. 

It has been recognized that it would be desir- 
able to have a single catheter naving the capability 
of performing dilatations with different diameter bal- 
loons, in one proposed device, the catheter is 

to provided with two dilatation balloons SDaced along 
the length of the catheter, in tandem, with the 
smaller of the balloons being located cistafly of tne 
larger balloon. The tandem oalloon arrangement 
presents several difficulties. Because there is a 

rs substantial length of catheter which extends disraliy 
of the proximal, larger diameter balloon, the range 
of locations wnere the proximal balloon can be 
placed is limited to the more proximal regions of 
the coronary artery tree. Additionally, the distal end 

20 of the catheter which carries the smaller diameter, 
distal balloon will be too stiff and will not track 
properly over the guidewire and througn the coro-. 
nary artery. 

Another proposal to provide different diameter 

25 dilatation capability on a single catheter has been 
the use of a single balloon having a stepped con- 
figuration in which the distal portion of the balloon 
is of a smaller diameter than the proximal portion 
of the balloon, with a transition region joining the 

30 two. This configuration presents the difficulty that 
when the smaller diameter of the portion is placed 
in a stenosis and inflated that also causes the 
larger diameter portion of the balloon to inflate. If 
the artery is too small to accept the larger portion 

35 of the inflated balloon, that could result in injury to 
the patient's artery, possibly rupturing it. 

It is among the general objects of the invention 
to provide a multiple balloon dilatation catheter 
having balloons of different diameters yet which 

40 avoids the foregoing and other difficulties. 



SUMMARY OF THE INVENTION 

<5 The catheter includes an elongate catheter 
shaft having at its distal end a pair of balloons in 
which one of the balloons is inside of and is 
completely enclosed within the other, outer balloon. 
The catheter shaft has two inflation lumens which 

so communicate separately with the balloons. The bal- 
loons are inflatable and deflatabie independently of 
each other. The balloons are formed from a very 
thin, yet strong, relatively inelastic material. The 
wall thickness of the balloons is sufficiently small 
so that when the balloons are collapsed the cath- 
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eter serines £ ;erv iow profile in the 'ecicn : : ' : n e 
banoons. T hus. aitnougn one caiioor. is rortamec 
witnm ;ne otner. :ne catneier still is caoac:e zi 
being passed tnrcugn a very narrow stenosis wnen 
tne balloons are collapsed. The catneier snaft also 
nas a mam lumen, ooen a: tne disrai tip of the 
catneter, wnicn is receptive tc a guiaewire and 
provides fiuid communication between the proximal 
and distal ends of the catheter. 

It is among the general objects of the invention 
to provide a balloon dilatation catheter for use in 
angioplasty procedures having the capability of in- 
flation to a plurality of diameters. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described m 
wnicn the bailoon may be inflated to different diam- 
eters without risking over-dilatation of other por- 
tions of the vessel being treated. 

Another obiect of the invention is to provide a 
balloon dilatation catheter of the type described in 
which both the smaller and larger balloons are 
equally and simultaneously placeabie at a location 
within the patient's coronary artenes. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described in 
whicn the smaller of the balloons is contained 
completely within the larger of the balloons. 

A further object of the invention is to provide a 
multiple balloon dilatation catheter of the type de- 
scribed in which each of the balloons is inflatable 
and debatable independently. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described 
which has a very low profile when the balloons are 
collapsed to enable the balloons to be inserted into 
a narrow stenosis. 



DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
fully from the following further description thereof 
with reference to the accompanying drawings in 

which: 

PIG. 1 is a fragmented plan view of the 
catheter: 

FIG. 2 is a sectional illustration of the main 
shaft of the catheter as seen along the line 2-2 of 
FIG. 1; 

FIG. 3 is an enlarged sectional illustration of 
the distal end of the catheter as seen along the line 
3-3 of FIG. 2 and illustrating the communication of 
an inflation lumen with the outer balloon: 

RG. 4 is a sectionai illustration of the distal 
region of the catheter as seen along the line 4-4 of 
PIG. 2 illustrating the communication of an inflation 
lumen with the inner oailoon: and 



H'o. 5 :s a sec::cr :r.e catneter taker 
through tne caiioons as seer, atone tne line 5-5 cf 
FIG. 1 illustrating tne oaliocr.s tr, a collapsed. >cw 
orofiie configuration: 
5 FIG. 5 is an illustration similar to FiG. 5 with 

the inner balloon inflated: ana 

FIG. 7 is an illustration simiiar to FIG. 5 in 
which me outer oailoon is inflated. 

w 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

As shown in FIG. 1 . the catheter has a catheter 

is body which includes a main shaft 10. The main 
shaft 10 preferably is formed from an extrusion of 2 
suitably flexible plastic material such as a polyvinyl 
chloride. Tne main shaft 10 may have an outer 
diameter of. for example. .058" and is formed to 

20 include a main lumen 12 and a pair of inflation 
lumens, including a first inflation lumen 14 and a 
second inflation lumen 16. as shown in FIG. 2. It is 
preferred to maintain the main lumen 12 as iarge 
as is practically possible without making the first 

as and second inflation lumens 14, 16 too small. Addi- 
tionally, the main lumen 12 should be configured to 
receive a guidewire (illustrated in phantom at 18) 
but without fully obstructing the main lumen 12 so 
as to permit injections of radiopaque dye or the like 

30 and pressure measurements to be made as will be 
appreciated by those familiar with the art. In the 
preferred embodiment, the main lumen 1 2 is of a 
D-shaped configuration and the smaller first and 
second inflation lumens 14.16 may be of generally 

35 triangular configuration, as shown. 

Mounted on the distal end of the catheter are a 
oair of dilatation balloons, one inside the other and 
including an inner balloon 20 and an outer balloon 
22. The inner balloon 20 has an inflated diameter 

40 and length, both of which are smaller than the 
corresponding dimensions of the outer balloon 22. 
Each of the inner and outer balloons 20. 22 has a 
fixed inflated diameter. The inner balloon 20 is in 
communication with the second inflation lumen 16 
45 and the outer balloon 22 is in communication with 
the first lumen 14 to enable each of the balloons 
20. 22 to be inflated and deflated independently of 
the other. 

The proximal end of the catheter has three 
50 tubular legs which may be formed from flexible 
plastic material including a main teg 24. a first side 
leg 26 and a second side leg 28. The tuoular legs 
24. 26. 28 are connected to the catheter mam shaft 
10 by a junction molding 30. A stress relief tube 32 
55 may be attached to the junction molding 30 and 
may extend distaily over a portion of the main shaft 
10 to prevent kinking of the shaft 10 at its juncture 
with the molding 30. The mam leg 24 is aligned 
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within me molding 30 with tne main lumen 12. The 
firsi and second side iegs 25. 28 are in commu- 
nication with the first and second inflation lumens 
14. 16. respectively. The legs 24. 26. 28 are oro- 
viaeo with fittings 30 at their proximal ends for 5 
connection to appropriate fluid devices for inflation 
and deflation of the balloons or to deliver liquids or 
the iike. 

FIGS. 3 and 4 illustrate the distal region of the 
catheter. The distal end of the main shaft 10 is 10 
reduced in diameter to define a smaller diameter 
shaft distai segment 36. Connected to and about 
the distal end of the shaft distai segment 36 is a 
distal extension tube 38 which may be formed from 
polyvinyl chloride. The distal extension tube 38 15 
extends fully to and defines the distal tip 40 of the 
catheter. The distal tip 40 includes a distal tip 
orifice 41 and a pair of side holes 43. The distal 
extension tube 38 is reinforced internally by a 
helical spring 42 which extends along and within so 
the distal extension tube 38. The spring 42 re- 
inforces the extension tube 38 to resist collapse of 
the distal extension tube 38 when the balloons 20, 
22 are inflated under high pressures. It may be 
noted that at the distal portion of the shaft distal 25 
segment makes a gradual transition in cross sec- 
tion from the O-shape to a circular shape so as to 
join smoothly with the distal extension tube 38. The 
inner diameter of the distal extension tube 38 and 
reinforcing spring 42 should be large enough to 30 
provide clearance about the guidewire 18 suffi- 
ciently to permit dye injections and pressure mea- 
surements to be made. Preferably, in a diametral 
clearance of about 0.005-0.006* between the 
guidewire and lumen of the extension 38 and 35 
spring 42 is adequate. The distal extension 38 may 
be provided with a radiopaque marker band 39 
about its mid-region to enhance the visibility of the 
catheter balloon region under fluoroscopy. 

As shown in FIG. 3. the outer balloon 22 in its 4q 
inflated condition is of substantially uniform diam- 
eter along most of its length. The proximal and 
distal ends of the balloon 22 are formed to define a 
tapered, conical configuration. The conical portion 
at the proximal end of the outer balloon 22.termi- *s 
nates in a generally cylindrical collar 44 which is 
adhesively attached, as by cyanoacrylate adhesive, 
to the proximal end of the shaft distal segment 36. 
The distal end of the outer balloon 22 similarly has 
a distal collar 46 which is adhesively secured to the so 
distal region of the extension tube 38. just proxi- 
mally of the tip 40. The interior of the outer balloon 
22 is maintained in communication with the first 
inftation lumen 14 by a first port 48 formed in the 
wall of the shaft distal segment 36. That portion of 55 
the first inflation lumen 14 which extends distally 
beyond the port 48 is filled with adhesive as in- 
dicated at 50. 



The inner oailcon 20 similarly is rormec ex esc; 
tnai 11 is of a smaller oiameter and is snorter rr.ar. 
the outer oailoon 22. The inner baiiocn 20 :s moun- 
ted to the catheter by 2 proximal collar 52 wnicn is 
adhesively bonded to the snan cisiai segment 36 
at a iocanon distal of the port 48. The callccn 20 
has a distal collar 54 which is attached :o the distal 
extension tube 38 at a location proximai of tne 
distal collar 46 of the outer balloon 22. 

FIG. 4 illustrates the communication of the sec- 
ond inflation lumen 16 with the interior of the sec- 
ond balloon 20. As shown, a second port 56 is 
formed in the shaft distal segment 36 to commu- 
nicate the second lumen 16 with the interior of the 
balloon 20. The end of the second lumen 16 may 
be left unblocked to provide additional flow area if 
desired. 

By way of illustrative example, the inner oai- 
loon may be of the order of 15 mm long and the 
outer balloon may be of the order of 20 mm long. 
Preferably the inflated diameters of the balloon 
differ by about 1 mm. Thus, a catheter may be 
provided in which the inner balloon has an inflated 
diameter of 2 mm and an inflated diameter for the 
outer balloon of 3 mm. Similarly, a catheter having 
a 3 mm diameter may have an outer balloon of a 
diameter at least 4 mm. The balloons are formed 
from very thin, flexible but relatively inelastic ma- 
terial, preferably polyethyelene terepthalate and in 
a method as described in U.S. Patent No. 
4,490,421 to Levy. In order to form the very thin 
balloon in accordance with the present invention, 
the starting tubing from which the balloons are 
made should have a smaller wall thickness than 
that described in the Levy patent. By way of exam- 
ple, for a 3.0 mm diameter balloon a starting tube 
of PET material having an inner diameter of .01 68" 
and a wall thickness of .0042* may be stretched as 
described in the Levy patent to provide balloon 
double wall thicknesses of 0.0003-0.0004 inches. 
The double wall thickness is a measurement of the 
thickness of the balloon made by pinching the 
balloon and measuring the pinched thickness of 
two layers of the balloon material. Thus, the actual 
wall thickness of the balloon material is of the order 
of .00015-.0002* The material is extremely thin and 
flexible yet provides adequate burst strengths of 
the order of 12 bars. For polyethylene tereph- 
thalate. from which the balloons of the invention are 
formed, it is preferred to heat the balloon to a 
temperature of between 110°C to 210°C (with 
150°C being preferred) for a period between 10 to 
30 seconds until, a crystalization reaction has oc- 
curred sufficiently to assure the dimensional stabil- 
ity of the balloon. 
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The extremely :r.m wans pi :ne oailoons oer~. ; 
tne oaliocns to ie wraooec aoout sacn other wner 
aeriated. wnne providing a very iow profile so that 
me catheter with coilapsea oailoons can be ad- 
vanced into very narrow stenoses. By way of ex- 
ample, a catheter so made with a distal extension 
tube 38 having a diameter of .032" can oe passed 
through an opening aoout .040" diameter. 

FIG. 5 illustrates, m cross-section, the balloons 
m a collapsed low profile configuration as they 
would be wnen the catheter is inserted into and 
through a guide catheter. Prior to insertion into the 
guide catheter, both inner and outer balloons 20, 
22 are aspirated through side legs 26, 28 to cause 
the oailoons to collapse. The wings defined by the 
balloons may be wrapped about the catheter as 
suggested in FIG. 5 prior to insertion into the guide 
catheter, it snouid be noted, however, that the walls 
of the balloons are very thin and highly flexible so 
that it is not essential to preliminarily wrap the 
balloons about the catheter. Simply inserting the 
catheter with aspirated balloons into the guide cath- 
eter is itself sufficient to cause the wings of the 
balloon to constrict about the catheter. Similarly, 
wnen the double balloon catheter is advanced into 
and through the . coronary artenes, it may be 
passed through narrow constncted regions, such as 
a narrow stenosis and. in doing so, the wings of the 
collapsed balloons will wrap about the catheter to 
permit the double balloon catheter to be inserted 
into the stenosis. 

RG. 6 illustrates the configuration of the bal- 
loons when the smaller diameter inner balloon 20 is 
inflated. In this configuration, inflation medium is 
applied only to the second balloon through tne 
second side leg 28 from an appropnate source of 
fluid pressure. The outer balloon 22 remains umn- 
flated and may be at atmospheric pressure to 
permir it to wrap closely about the outer diameter 
of the inflated inner balloon. To the extent that the 
unmflated outer balloon has excess balloon wall 
matenal and defines a wng unable to conform 
closely to the outer diameter of the inflated inner 
balloon, that excess material will fold on itself with- 
in the stenosis as suggested in FIG. 6. 

RG. 7 illustrates the inflation of the outer bal- 
loon, in this configuration, inflation medium is ap- 
plied only to the outer balloon through the first side 
feg 26 of an appropriate source of fluid pressure. 
The inner balloon may be at atmospheric pressure 
and is permitted to collapse aoout the extension 
38. 

in use. the catheter may be advanced together 
with or over a guidewire into the artery to be 
treated. The guidewire and catheter may be ma- 
nioulated to place the balloons within a stenosis to 
be treated. The physician then may selectively 
inflate either the inner or the outer balloon depend- 



ing on ;r.e nature or :ne sier.osrs. !:'. aner = -naia- 
tion .nas seen oerfomec witn tne smaller ciametet 
inner balloon, mere is an aocarent need : cr rurtner 
anatation of :ne stenosis wirr tne larger c:ameter 
s balloon, there i$ no need to effect a catnetef ex- 
change. The outer balloon is m place wimm the 
stenosis and can oe .inflated immediately to effect 
the further dilatation. The awkwardness and :;,ne 
aeiays typically associated with catheter exchanges 
w ire avoided. Should the patient have multiple ves- 
sel disease or multiple stenoses in the same blood 
vessel being treated, the catheter can be manipu- 
lated and repositioned within the stenoses and the 
balloon of aoDropriate diameter may oe inflated. 
'5 again, avoiding the difficulties anencem to a cath- 
eter exchange. 

For example, a pair of stenoses located m the 
same coronary artery, one being proximally located 
and the other being distaily located, may oe treai- 
20 ed m seouence with the invention. The physician 
may first treat the more proximal stenoses which 
will be in a larger diameter portion of the coronary 
artery, by inflating the larger diameter balloon. After 
that dilatation has been completed and the large 
25 balloon deflated, the catheter can be advanced to 
locate the balloon region within the stenosis in the 
more distal portion of the artery, where the artery 
typically will be of a smaller diameter. The dilata- 
tion at that stenosis then may be performed by 
30 inflating the smaller balloon. Similarly, stenoses m 
different arteries can be treated by manipulating 
the catheter, preferably with the assistance of a 
steerable guidewire. to enable repositioning of the 
catheter in the desired coronary artery. Thus, the 
3S catheter is capable of performing dilatations upon 
relatively narrow stenoses as well as larger 
stenoses and in relatively narrow arteries as well as 
m larger diameter arteries. 

From the foregoing, it will be appreciated that 
<o the invention provides a multiple balloon catheter 
by which the necessity for catheter exchanges may 
be avoiaed when performing dilatations on a pa- 
tient having multiple stenoses in one or more ar- 
teries, it snouid be understood, however, that the 
"5 foregoing descnption of the invention is intended 
merely to be illustrative thereof and that other 
embodiments and modifications may be apparent 
to those skilled in the art without departing from its 
spirit. 

so 

Claims 



55 



1. A dilatation catheter comprising: 
an elongate catheter body having a proximal 
end and a distal end; 

an inner balloon mounted on the distai end of 
the catheter body; 
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an outer balloon mounted on the disial end of 
the catheter body and enclosing the inner balloon: 

each of said balloons being formed from a 
thin, flexible and relatively inelastic material; 

a first inflation lumen extending through the 5 
catheter body having a distal end in communication 
with the interior of the outer balloon; and 

a second inflation lumen extending through the 
catheter body and having a distal end in commu- 
nication with the interior of the inner balloon; w 

said first and second inflation lumens being 
independent of each other thereby to enable the 
balloons to be inflated or deflated selectively and 
independently of each other. 

2. A dilatation catheter as defined in claim 1 75 
further comprising: 

said catheter body having a main lumen 
extending therethrough, the main lumen terminating 
at a distal outlet distally of the balloons. 

3. A dilatation catheter as defined in ciaim 2 20 
wherein said balloons each have a double wall 
thickness of about 0.0003 to 0.0004 inches and 
wherein the catheter body is less than about .040 
inches diameter in the region of the balloons. 

4. A balloon dilatation catheter as defined in 25 
claim 3 wherein the balloon region of the catheter, 

with both balloons deflated, can be passed through 
a hole .040 inches in diameter. 

5. A dilatation catheter as defined in claim 2 
further comprising: 30 

said catheter body comprising a main catheter 
shaft and a distal extension connected to a distal 
segment of the main shaft; 

each of said inner and outer balloons having a 
proximal end mounted to the main shaft and a 35 
distal end mounted to the distal extension; and 

means for reinforcing the distal extension from 
collapsing inwardly under the influence of pressure 
developed within either of the baJloons. 

6. A dilatation catheter, as defined in claim 1 40 
wherein each of the baJloons has a burst pressure 
which is not less than about 12 bars. 

7. A method for performing multiple dilatations 
without making catheter exchanges comprising: 

providing a dilatation catheter as defined in 45 
claim 1; 

placing the dilatation catheter within a patient's 
vascular system to locate the balloons within a first 
stenosis to be treated; 

inflating at least one of the balloons to effect a 50 
dilatation on the first stenosis; 

deflating said inflated balloon; 
repositioning the catheter within the patient's 
vascular system to locate the balloons within a 
second stenosis to be treated; and 55 

inflating at least one of the balloons within the 
second stenosis to effect a dilatation of that 
stenosis. 
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© Multiple balloon angiplasty catheter. 

© A balloon dilatation catheter adapted for use in 
angioplasty techniques has two balloons (20, 22) at 
the distal end (10) of the catheter, one inside the 
other with a separate inflation lumen (14, 16) for 
each balloon. The catheter enables dilatation of 
stenoses , of different sizes and the dilatation of ar- 
teries of different sizes without requiring catheter 
exchanges. 
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